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(54) Recording and/or reproduction apparatus and method for optical record medium 



(57) Information is recorded or reproduced accu- 
rately onto or from any of a plurality of record layers of 
an optical disk. In a recording and/or reproduction meth- 
od, after an optical disk is started (S1 ), an optimum focus 
offset position for a predetermined record layer of the 
optical disk is searched for (S2). This searching is per- 
formed by varying an offset value stepwise and search- 
ing for an offset value with which the amplitude of a 
tracking error signal exhibits a maximum value. After an 
optimum focus offset position is searched out, the value 
of it is stored (S3). Similar processing is performed also 
for any other record layer. When an instruction to repro- 
duce a predetermined record layer is developed (S8), 
focus jumping to the record layer is performed (S9). 
Then, an optimum focus offset value searched out and 
stored in advance is read out (S1 0) and added to a focus 
error signal. 

Recording and/or reproducing apparatus is also 
disclosed. 
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Description 

This invention relates to a recording and/or repro- 
duction apparatus and a recording and/or reproduction 
method. 5 

An optical disk as represented by a compact disk 
has only one information record layer. In recent years, 
it is demanded to increase the recording capacity. Such 
increase in capacity can be achieved, for example, by 
decreasing the track pitch or by reducing the pit size, to 
Also an optical disk of a different type has been pro- 
posed wherein it has a plurality of record layers formed 
therein in order to further increase the capacity. 

FIG. 21 shows an exemplary construction of an op- 
tical disk of the type just mentioned. Referring to FIG. is 
21 , in the optical disk shown, a record layer A is formed 
on a disk base plate 101 , and another record layer B is 
formed on the record layer A. A protective film 102 is 
formed on the record layer B. 

The disk base plate 101 is made of a transparent 20 
material such as, for example, polycarbonate. The 
record layer A is formed from a translucent film while the 
record layer B is formed from a total reflection film of, 
for example, aluminum or a like metal. 

In order to reproduce information from the record 25 
layer A, a laser beam is focused on the record layer A 
as denoted by reference character L| , and reflected light 
from the record layer A is detected. 

On the other hand, in orderto reproduce information 
recorded on the record layer B, a laser beam is focused 30 
upon the record layer B through the record layer A 
formed from a translucent film as denoted by reference 
character L 2 . Then, reflected light from the record layer 
B is received through the record layer A and detected. 
In this manner, since the record layer A is formed from 35 
a translucent film, information of the record layer B can 
be read through the record layer A. 

In order to change, while a laser beam is focused 
upon the record layer A (or the record layer B), the 
record layer as an object of reproduction to the record 40 
layer B (or the record layer A), jump pulses should be 
applied to a focusing servo loop to cause the optical 
head to jump toward the new record layer and then fo- 
cusing servo should be applied so that the focusing error 
signal may be minimized on the new record layer. 45 

However, the position at which the focusing error 
signal exhibits a minimum value is not necessarily an 
accurate focus position because of a dispersion of the 
optical head or the disk in production or from some other 
cause. Therefore, normally an offset signal is added to so 
the focusing error signal so that an optimum focusing 
condition can be obtained. 

However, in the related art apparatus, the offset val- 
ue is fixed irrespective of from which one of record layers 
information is reproduced. Accordingly, the related art 55 
apparatus has a problem to be solved in that it is difficult 
to reproduce information stably from a plurality of record 
layers. 
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According to an aspect of the present invention, 
there is provided a recording and/or reproduction appa- 
ratus for an optical record medium, which comprises an 
optical means for recording and/or reproducing informa- 
tion onto and/or from the record medium, a focusing 
control means for controlling a focus condition of the op- 
tical means in response to a focus error signal, a pro- 
duction means for producing a focus offset signal of the 
optical means based on a signal reproduced by the op- 
tical means, and an addition means for adding the focus 
offset signal to the focus error signal. Preferably, the pro- 
duction means includes a search means for searching 
for an optimum focus offset position based on the signal 
reproduced by the optical means. 

In the recording and/or reproduction apparatus, the 
optical means records and/or reproduces information 
onto and/or from the record medium, and the focusing 
control means controls a focus condition of the optical 
means in response to a fosuc error signal. Then, the pro- 
duction means produces a focus offset signal of the op- 
tical means based on a signal reproduced by the optical 
means, and the addition means adds the focus offset 
signal to the focus error signal. In order for the produc- 
tion means to produce a focus offset signal, the search 
means thereof searches for an optimum focus offset po- 
sition based on the signal reproduced by the optical 
means. 

With the recording and/or reproduction apparatus, 
since an optimum focus offset position of light for record- 
ing or reproducing information onto or from the record 
medium is searched for and a focus offset signal of the 
optical means is added to a focus error signal in re- 
sponse to a result of the search, to or from whichever 
one of a plurality of record layers of the record medium 
information is to be recorded or reproduced, an optimum 
focusing condition can normally be realized irrespective 
of a dispersion or a variation with respect to time of the 
record medium. 

According to another aspect of the present inven- 
tion, there is provided a recording and/or reproduction 
method for an optical record medium, which comprises 
the steps of recording and/or reproducing information 
onto and/or from the record medium by optical means, 
producing a focus error signal, producing a focus offset 
signal of the optical means based on a signal repro- 
duced by the optical means, adding the focus offset sig- 
nal to the focusing error signal, and controlling a focus- 
ing condition of the optical means based on the focus 
error signal to which the focus offset signal is added. 
Preferably, the step of producing a focus offset signal 
includes the step of searching for an optimum focus off- 
set position based on the signal reproduced by the op- 
tical means. 

In the recording and/or reproduction method, infor- 
mation is recorded onto and/or reproduced from the 
record medium by the optical means, and a focus error 
signal is produced. Then, a focus offset signal of the op- 
tical means is produced based on a signal reproduced 
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by the optical means, and the focus offset signal is add- 
ed to the focusing error signal. Then, a focusing condi- 
tion of the optical means is controlled based on the focus 
error signal to which the focus offset signal is added. In 
order to control the focusing condition of the optical 
means, an optimum focus offset position is searched for 
based on the signal reproduced by the optical means. 

With the recording and/or reproduction method, 
since an optimum focus offset position of light for record- 
ing or reproducing information onto or from the record 
medium is searched for and a focus offset signal of the 
optical means is added to a focus error signal in re- 
sponse to a result of the search, to or from whichever 
one of a plurality of record layers of the record medium 
information is to be recorded or reproduced, an optimum 
focusing condition can normally be realized irrespective 
of a dispersion or a variation with respect to time of the 
record medium. 

An embodiment of the invention described herein- 
after provides a recording and/or reproduction appara- 
tus and a recording and/or reproduction method wherein 
focusing control can be performed rapidly and with cer- 
tainty upon an optical disk having two or more record 
layers. 

An embodiment of the present invention described 
hereinafter provides a recording and/or reproduction ap- 
paratus and a recording and/or reproduction method by 
which information can be recorded or reproduced accu- 
rately onto or from any of a plurality of record layers of 
an optical disk. 

A better understanding of the present invention will 
become apparent from the following illustrative descrip- 
tion and the appended claims, taken in conjunction with 
the accompanying drawings in which like parts or ele- 
ments are denoted by like reference characters. 

FIG. 1 is a block diagram showing an optical disk 
reproduction apparatus in which an illustrative em- 
bodiment of a recording and/or reproduction appa- 
ratus according to the present invention is incorpo- 
rated; 

FIG. 2 is a graph illustrating a relationship between 
a focus offset and a tracking error signal; 
FIG. 3 is flow chart illustrating operation of the op- 
tical disk reproduction apparatus of FIG. 1; 
FIG. 4 is a waveform diagram showing a waveform 
of a tracking error signal upon initial operation of the 
optical disk reproduction apparatus of FIG. 1 ; 
FIG. 5 is a graph illustrating a principle in detecting 
an optimum point of a focus offset by a mountain- 
climbing method; 

FIG. 6 is a flow chart illustrating processing of de- 
tecting an optimum point in accordance with the 
principle illustrated in FIG. 5; 
FIG. 7 is a graph illustrating a principle in detecting 
an optimum point from a sudden ascending varia- 
tion point and a sudden descending variation point; 
FIG. 8 is a flow chart illustrating processing of de- 



tecting an optimum point in accordance with the 
principle illustrated in FIG. 7; 
FIG. 9 is a flow chart illustrating alternative opera- 
tion for reproduction of an optical disk; 
5 FIG. 10 is a block diagram of another optical disk 

reproduction apparatus which executes the 
processing of FIG. 9 and in which another illustra- 
tive embodiment of a recording and/or reproduction 
apparatus of the present invention is incorporated; 
10 FIG. 1 1 is a flow chart illustrating different operation 
of the optical disk reproduction apparatus of FIG. 1 ; 
FIG. 1 2 is a block diagram showing a further optical 
disk reproduction apparatus in which a further illus- 
trative embodiment of a recording and/or reproduc- 
es tion apparatus of the present invention is incorpo- 
rated; 

FIG. 13 is a block diagram showing a still further 
optical disk reproduction apparatus in which a still 
further illustrative embodiment of a recording and/ 
20 or reproduction apparatus of the present invention 
is incorporated; 

FIG. 1 4 is a block diagram showing a yet further op- 
tical disk reproduction apparatus in which an illus- 
trative embodiment of the recording and/or repro- 
25 duction apparatus of the present invention is incor- 
porated; 

FIG. 1 5 is a graph illustrating a relationship between 
a focus offset and jitters; 

FIG. 16 is view illustrating a principle of detecting 
30 an optimum point by a mountain-climbing method; 

FIG. 1 7 is a flow chart illustrating processing of de- 
tecting an optimum point in accordance with the 
principle of FIG. 16; 

FIG. 1 8 is a graph illustrating a principle of detecting 
55 an optimum point from a sudden descending varia- 
tion point and a sudden ascending variation point; 
FIG. 1 9 is a flow chart illustrating processing of de- 
tecting an optimum point in accordance with the 
principle illustrated in FIG. 18; 
40 FIG. 20 is a block diagram showing a yet further op- 
tical disk reproduction apparatus in which a yet fur- 
ther illustrative embodiment of a recording and/or 
reproduction apparatus of the present invention is 
incorporated; and 
45 FIG. 21 is a sectional view showing an exemplary 
structure of a two-layer optical disk. 

Referring first to FIG. 1 , there is shown a reproduc- 
tion apparatus for an optical disk in which an illustrative 
50 embodiment of a recording and/or reproduction appara- 
tus of the present invention is incorporated. Referring to 
FIG. 1, an optical disk 1 has a plurality of (2 or more) 
record (recording/recordable/recorded) layers. Where 
the optical disk 1 has two layers, it has such a construc- 
ts tion as described hereinabove with reference to FIG. 21 . 
The optical disk 1 is rotated at a predetermined 
speed by a spindle motor 2. An optical head 3 irradiates 
a laser beam upon the optical disk 1 and receives re- 
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fleeted light from the optical disk 1 . 

A PLL (phase locked loop) circuit 5 binary digitizes 
a RF (radio frequency) signal reproduced from a signal 
recorded on the optical disk 1 by and outputted from the 
optical head 3 to produce a binary RF signal and ex- 
tracts clocks included in the RF signal to produce a syn- 
chronizing clock signal. A CLV (constant linear velocity) 
circuit 6 receives the binary RF signal and the synchro- 
nizing clock signal outputted from the PLL circuit 5 and 
outputs an error signal representing an error in phase 
between them. A switch 8 is controlled by a control cir- 
cuit 17 to select one of the output of the CLV circuit 6 
and the output of an initial driving circuit 7 and outputs 
the selected output to the spindle motor 2. 

A data decoder 4 receives the binary RF signal and 
the synchronizing clock signal outputted from the PLL 
circuit 5 and decodes the binary RF signal with refer- 
ence to the synchronizing clock signal. 

The optical head 3 produces a focusing error signal 
in accordance with, for example, a principle of an astig- 
matism method and further produces a tracking error 
signal in accordance with, for example, a principle of a 
push-pull method. A focusing servo circuit 9 receives the 
focusing error signal outputted from the optical head 3 
and drives a focusing coil 1 2 in response to the focusing 
error signal to perform focusing control of the optical 
head 3 in a direction perpendicular to (toward or away 
from) the optical disk 1. A tracking servo circuit 10 re- 
ceives the tracking error signal outputted from the opti- 
cal head 3 and drives a tracking coil 13 in response to 
the tracking error signal to perform tracking control of 
the optical head 3 in a direction perpendicular to the di- 
rection of a track of the optical disk 1 . 

A signal outputted from the tracking servo circuit 1 0 
is supplied to a thread servo circuit 1 5. The thread servo 
circuit 15 drives a thread motor 16 in response to the 
received signal to move the optical head 3 in a radial 
direction of the optical disk 1 . The control circuit 1 7 con- 
trols the focusing servo circuit 9, the tracking servo cir- 
cuit 10 and the thread servo circuit 15 as well as the 
switch 8. 

The reproduction apparatus further includes a 
tracking error signal maximum amplitude search circuit 
31. The tracking error signal maximum amplitude 
search circuit 31 includes a level detection circuit 41 
which detects the level of the tracking error signal out- 
putted from the optical head 3 and outputs a result of 
the detection to a control circuit 42. The control circuit 
42 detects an optimum focus position of the optical head 
3 from the output of the level detection circuit 41 . 

When the focus offset position of the optical head 3 
with respect to a record layer of the optical disk 1 is var- 
ied, the tracking error signal varies in such a manner as 
seen in FIG. 2. In particular, when the position of the 
optical head 3 is adjusted to an optimum focus offset 
position (optimum point), the tracking error signal exhib- 
its a maximum amplitude, but if the position of the optical 
head 3 is displaced from the optimum point, then the 



amplitude of the tracking error signal decreases. The 
control circuit 42 detects an optimum point in accord- 
ance with this principle. 

In order to detect an optimum point, the control cir- 
5 cuit 42 controls an offset generation circuit 43 to gener- 
ate an offset signal of a predetermined value. The offset 
signal is added to the focusing error signal outputted 
from the optical head 3 by an adder 32. The output of 
the adder 32 is outputted to the focusing servo circuit 9. 

An optimum focus offset position storage circuit 33 
is connected to the control circuit 42 of the tracking error 
signal maximum amplitude search circuit 31 . Data of op- 
timum focus offset positions obtained by searching of 
the tracking error signal maximum amplitude search cir- 
cuit 31 are stored in the optimum focus offset position 
storage circuit 33. 

FIG. 3 illustrates operation of the reproduction ap- 
paratus of FIG. 1. Referring to FIG. 3, first in step S1, 
disk starting processing is executed. In particular, when 
the optical disk 1 is loaded in position into the reproduc- 
tion apparatus, the control circuit 17 controls the thread 
servo circuit 1 5 to drive the thread motor 1 6 to move the 
optical head 3 to a predetermined reference position of 
the optical disk 1 such as, for example, the position of 
an innermost circumferential track. Further, the control 
circuit 1 7 changes over the switch 8 to the initial driving 
circuit 7 side so that an initial driving signal outputted 
from the initial driving circuit 7 is supplied to the spindle 
motor 2 via the switch 8. Consequently, the spindle mo- 
tor 2 is driven to rotate in response to the initial driving 
signal. 

Further, the control circuit 17 controls the focusing 
servo circuit 9 to perform a focusing servoing operation. 
The optical head 3 irradiates a laser beam upon a de- 
fault record layer (for example, the record layer A in FIG. 
21) of the optical disk 1 and receives reflected light of 
the laser beam from the optical disk 1 to produce a fo- 
cusing error signal and a tracking error signal. The fo- 
cusing error signal is supplied to the focusing servo cir- 
cuit 9 via the adder 32. The focusing servo circuit 9 
drives the focusing coil 12 in response to the focusing 
error signal to control the position of the optical head 3 
in the focusing direction. 

The PLL circuit 5 receives a RF signal from the op- 
tical head 3 when the optical head 3 reproduces a signal 
recorded in the record layer A of the optical disk 1 . The 
PLL circuit 5 binary digitizes the received RF signal to 
produce a binary RF signal and produce a synchronizing 
clock signal synchronized with a synchronizing signal 
included in the RF signal. The CLV circuit 6 compares 
the synchronizing clock signal with the binary RF signal 
in phase and outputs an error signal representing an er- 
ror between them. The control circuit 17 changes over 
the switch 8 to the CLV circuit 6 side when a predeter- 
mined time elapses after the spindle motor 2 is started 
or when the speed of rotation of the spindle motor 2 
reaches a predetermined speed. Consequently, the er- 
ror signal outputted from the CLV circuit 6 is supplied to 
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the spindle motor 2, and CLV servoing is performed with 
the error signal. As a result, the optical disk 1 is driven 
to rotate in a fixed linear velocity. 

Then, the control sequence advances to step S2, in 
which optimum focus searching processing is executed. 
While the optimum focus searching processing is here- 
inafter described, the control circuit 42 of the tracking 
error signal maximum amplitude search circuit 31 con- 
trols the offset generation circuit 43 so that a predeter- 
mined offset signal is added to the focusing error signal 
by the adder 32. When the focusing condition is not ap- 
propriate, the amplitude of the tracking error signal out- 
putted from the optical head 3 is small, but when the 
focusing condition is in an optimum condition, the am- 
plitude of the tracking error exhibits a maximum value. 
Therefore, the amplitude of the tracking error signal is 
detected by the level detection circuit 41, and it is dis- 
criminated by the control circuit 42 whether or not a 
tracking error signal of a maximum amplitude has been 
obtained. If it is discriminated that a tracking error signal 
of a maximum amplitude has been obtained, then an 
offset value which is generated by the offset generation 
circuit 43 then is detected. 

Then, the control sequence advances to step S3, in 
which the optimum focus offset value obtained in step 
S2 is stored into the optimum focus offset position stor- 
age circuit 33. 

After an optimum focus offset position in one record 
layer (for example, the record layer A in FIG. 21) is de- 
tected, the control sequence advances to step S4, in 
which it is discriminated whether or not similar searching 
has been performed for all of the record layers of the 
optical disk 1 . If searching has not been performed for 
all of the record layers, the control sequence advances 
to step S5, in which record layer changing processing 
is executed. In particular, the control circuit 17 controls 
the focusing servo circuit 9 so that jump pulses are add- 
ed to the focusing error signal (or jump pulses are gen- 
erated in place of the focusing error signal). As a result, 
the focusing coil 12 moves the optical head 3 in the fo- 
cusing direction in response to the jump pulses so that 
the laser beam having been focused upon the record 
layer A till then is focused now on the record layer B. 
After the supply of the jump pulses is stopped, the ordi- 
nary focusing servo loop is put into a closed condition 
again to apply servoing so that the focusing error may 
be minimized thereby to focus the laser beam generated 
by the optical head 3 now upon the record layer B. 

Thereafter, the control sequence returns to step S2 
to perform optimum focus searching processing for the 
record layer B. Then, an optimum focusing offset value 
obtained by the optimum focus searching processing is 
stored into the optimum focus offset position storage cir- 
cuit 33 in step S3. 

Where N record layers are formed in the optical disk 
1 , N optimum focus offset values are stored into the op- 
timum focus offset position storage circuit 33 in such a 
manner as described above. 



After optimum focus offset values (positions) of all 
of the record layers of the optical disk 1 are stored, the 
control sequence advances from step S4 to step S6, in 
which the focusing position is changed to the default 
s record layer set in advance. For example, the control 
circuit 17 controls the focusing servo circuit 9 to gener- 
ate a required number of jump pulses to focus the laser 
beam upon the record layer A nearest to the disk base 
plate 101. 

In this instance, in step S7, the control circuit 42 of 
the tracking error signal maximum amplitude search cir- 
cuit 31 reads the focus offset value for the record layer 
A stored in the optimum focus offset position storage 
circuit 33 and supplies it to the offset generation circuit 
43. The offset generation circuit 43 generates an offset 
signal corresponding to the offset value. The offset sig- 
nal is added to the focusing error signal by the adder 32 
and supplied to the focusing servo circuit 9. The focus- 
ing coil 12 is driven by the focusing servo circuit 9 with 
the focusing error signal to which the optimum offset val- 
ue is added. Consequently, an optimum focusing con- 
dition is realized in the record layer A. 

Then, the control sequence advances to step S8, in 
which it is waited that changing of the record layer to be 
reproduced is instructed. When changing of the record 
layer is instructed, the control sequence advances to 
step S9, in which the focus position is changed to the 
designated record layer. In particular, in this instance, 
the control circuit 17 controls the focusing servo circuit 
9 to generate a predetermined number of jump pulses 
to change the focus position, for example, from the 
record layer A to the record layer B. 

Thereafter, in step S10, reading out processing of 
an optimum offset value of the designated record layer 
is executed. In particular, the control circuit 42 of the 
tracking error signal maximum amplitude search circuit 
31 reads out the offset value for the record layer B stored 
in the optimum focus offset position storage circuit 33 
and outputs it to the offset generation circuit 43. The off- 
set generation circuit 43 generates an offset signal cor- 
responding to the offset value. The offset signal is added 
to the focusing error signal by the adder 32. The focus- 
ing servo circuit 9 drives the focusing coil 1 2 in response 
to the output of the adder 32 so that an optimum focus 
condition is realized in the record layer B (a focus con- 
dition wherein the amplitude of the tracking error signal 
exhibits a maximum value is realized). 

Thereafter, the control sequence returns to step S8 
so that the succeeding processing in steps S8 et seq. is 
executed repetitively. 

Subsequently, optimum focus searching will be de- 
scribed. As described hereinabove, upon such search- 
ing, tracking servoing is not yet started. Consequently, 
the optical head 3 periodically crosses a plurality of 
tracks of the optical disk 1 . In particular, since the cent- 
ers of rotation of the optical disk 1 and the spindle motor 
2 are displaced from each other due to eccentricity be- 
tween them, the information reproduction point of the 
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optical head 3 (a light spot of the laser beam) periodi- 
cally crosses a plurality of tracks. As a result, the optical 
head 3 outputs, for example, such a tracking error signal 
as shown in FIG. 4. As seen in FIG. 4, the tracking error 
signal exhibits a periodical variation. 

The level detection circuit 41 of the tracking error 
signal maximum amplitude search circuit 31 detects a 
peak hold value and a bottom hold value of the tracking 
error signal and detects a difference between them as 
an amplitude of the tracking error signal. The amplitude 
detection signal is supplied to the control circuit 42. The 
amplitude of the tracking error signal varies in response 
to the focus offset value of the optical head 3 as seen 
in FIG. 2. The control circuit 42 detects an optimum point 
of the focus offset with which a maximum amplitude of 
the tracking error signal is obtained by a so-called moun- 
tain-climbing method. 

In particular, referring to FIG. 5, the offset signal to 
be outputted from the offset generation circuit 43 is suc- 
cessively incremented by a value a like S 0 , S-,, S 2 , ... 
Then, the amplitude values Rj_-, , Rj and R i+1 of the track- 
ing error signal at each three successive sampling 
points S j _ 1 , Sj and S j+1 are compared with each other. 
When the amplitude value Rj exhibits the highest value 
among them (R^-, < Rj > R i+1 ), the sampling point Sj is 
determined as an optimum point. To this end, the control 
circuit 42 controls the offset generation circuit 43 to out- 
put an offset value which first exhibits a predetermined 
initial value and thereafter successively varies by a. The 
offset signal is added to the focusing error signal by the 
adder 32 and outputted to the focusing servo circuit 9. 

FIG. 6 illustrates exemplary processing by the 
mountain-climbing method when the focus offset value 
is adjusted. Referring to FIG. 6, first instep S21 , an initial 
value S 0 is placed into Sn. Then, the focus offset posi- 
tion is set to Sn (in this instance, Sn = S 0 ), and an am- 
plitude value of the tracking error signal in this instance 
is measured. Then, a result of the measurement is set 
to Rn (in this instance, Rn = R0). 

In particular, the control circuit 42 controls the offset 
generation circuit 43 to generate an offset signal S 0 . The 
focusing servo circuit 9 controls the focusing coil 12 in 
response to the focusing error signal to which the offset 
signal S 0 is added by the adder 32 to adjust the focus 
offset of the optical head 3. 

The level detection circuit 41 detects the amplitude 
of the tracking error signal outputted from the optical 
head 3 and outputs it to the control circuit 42. The control 
circuit 42 sets the amplitude value of the tracking error 
signal detected then to Rn (in this instance, Rn = R0). 

Thereafter, the control sequence advances to step 
S22, in which a value obtained by addition of S 0 and a 
is placed intoSn+. In other words, the following equation 
is calculated: 

Sn+ = S Q + a 



Then, the control circuit 42 controls the offset gen- 
eration circuit 43 to generate such offset signal Sn+ (= 
S-|). In particular, the control circuit 42 controls the offset 
generation circuit 43 to generate an offset value which 
5 is higher by a than the offset signal Sn generated in step 
S21 . Since the focusing servo circuit 9 controls the fo- 
cusing coil 1 2 in response to the focusing error signal to 
which the offset value is added, the optical head 3 fur- 
ther varies the focus offset thereof by an amount corre- 
10 sponding to the offset value a. 

The level detection circuit 41 detects the amplitude 
of the tracking error signal outputted from the optical 
head 3 then. The control circuit 42 sets the amplitude of 
the tracking error signal detected by the level detection 
15 circuit 41 then to Rn+ (in this instance, R0+ = R-,). 

Then, the control sequence advances to step S23, 
in which a value lower by a than S 0 is placed into Sn-. 
In other words, the following equation is calculated: 

Sn- = S 0 - a 

In particular, the control circuit 42 controls the offset 
generation circuit 43 to generate a value lower by athan 
25 the offset signal Sn (in this instance, Sn = S 0 ) generated 
in step S2. Since the focusing error signal to which the 
offset signal Sn- is added is supplied to the focusing coil 
12 via the focusing servo circuit 9, the focus offset of the 
optical head 3 is varied by an amount corresponding to 
30 the offset value -a from that when the offset value S 0 
was generated. 

Then, the level detection circuit 41 thereupon de- 
tects the amplitude of the tracking error signal outputted 
from the optical head 3 and outputs it to the control cir- 
35 cuit 42. The control circuit 42 places the amplitude value 
of the tracking error signal then into Rn-(in this instance, 
Rn- = R 0 -). 

By the processing in steps S21 to 23 described 
above, the amplitude value Rn (= R 0 ) of the tracking er- 
40 ror signal when the offset value to be added to the fo- 
cusing error signal is set to the initial value S 0 , the am- 
plitude value Rn+ (= R 0 + = R-,) of the tracking error sig- 
nal when the offset signal is increased by a and the am- 
plitude value Rn- (= R 0 -) when the offset signal is de- 
45 creased by a are obtained as illustrated in FIG. 5. 

Thereafter, the control sequence advances to step 
S24, in which it is discriminated whether or not Rn is 
equal to Rn+ or Rn is higher than Rn+ and equal to Rn- 
or else Rn is higher than Rn-. In other words, it is dis- 
50 criminated whether or not Rn is higher than Rn- and Rn+ 
(that is, whether or not Rn is the highest value). 

Normally, as shown in FIG. 5, the amplitude Rn (= 
R 0 ) of the tracking error signal when the offset signal is 
S 0 is higher than the amplitude value Rn- (= R 0 -) when 
55 the offset signal is lower by a, but is lower than the am- 
plitude Rn+ (= R 0 + = R-|) of the tracking error signal 
when the offset signal is higher by a. Therefore, in this 
instance, the control sequence advances to step S25, 
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in which it is discriminated whether or not Rn+ is higher 
than Rn-. In this instance, since Rn+ (= R 0 + = R-,) is 
higher than Rn- (= R 0 -) (since the values are within a 
section of the curve of FIG. 5 within which the curve ex- 
hibits a rightwardly ascending slope in FIG. 5), the con- 
trol sequence advances to step S26. 

In step S26, Sn (= S 0 ) till then is placed into Sn-. 
Then, Sn+ (= S-,) till then is placed into new Sn, and Rn 
(= R 0 ) till then is placed into Rn-, and then Rn+ (= R-,) 
till then is placed into Rn. Then, a value (= S 0 + 2a= S 2 ) 
obtained by adding a to new Sn (= S 0 + a = ) is placed 
into Sn+. In other words, the following equation is cal- 
culated: 

Sn+ = Sn + a 

The control circuit 42 controls the offset generation 
circuit 43 to generate Sn+ (= S 2 ) as an offset signal. In 
other words, the control circuit 42 controls the offset 
generation circuit 43 to generate an offset Sn+ (= S 0 + 
2a = S 2 ) higher by a than Sn+ (= S 0 + a) generated in 
step S22. Then, the amplitude of the tracking error sig- 
nal detected then is placed into Rn+ (= R-|+ = R2). 

In other words, as a result, the amplitude values of 
the tracking error signal at the three sampling points S 0 , 
S-| and S 2 , which have been shifted rightwardly by a 
from those till then in the condition shown in FIG. 5, are 
placed in Rn- (= R 0 ), Rn (= R-,) and Rn+ (= R2). 

Then, the control sequence returns to step S24, in 
which it is discriminated whether or not Rn is higher than 
Rn-and Rn+. When Rn is not the highest value, the con- 
trol sequence advances to step S25, in which it is dis- 
criminated again whether or not Rn is higher than Rn-. 
When Rn+ is higher than Rn-, the control sequence ad- 
vances to step S26, in which similar processing is re- 
peated. 

Then, if the section for sampling is shifted in the 
rightward direction in FIG. 5 until Sn comes to an opti- 
mum point, then the amplitude value Rn obtained then 
is higherthan Rn- and besides higherthan Rn+. In other 
words, Rn exhibits the highest value. Thus, in this in- 
stance, the control sequence advances to step S28, in 
which the value of Sn then is set as an optimum value 
with which the amplitude Rn of the tracking error signal 
exhibits a maximum value. In other words, the control 
circuit 42 thereafter controls the offset generation circuit 
43 to continuously generate the offset signal Sn as the 
optimum value. 

On the other hand, when sampling is proceeding in 
a section in which the curve in FIG. 5 exhibits a right- 
wardly descending slope, the value of Rn+ exhibits a 
value lower than Rn-. Thus, in this instance, the control 
sequence advances from step S25 to S27, in which Sn 
till then is placed into Rn+, Sn- till then is placed into Sn, 
Rn till then is placed into Rn+, and Rn- till then is placed 
into Rn. Then, a value lower by a than new Sn is placed 
into Sn-. In other words, the following equation is calcu- 



lated: 

Sn- = Sn - a 

5 

In particular, referring to FIG. 5, the sampling point 
on the left side is sampled with Sn-. Then, the amplitude 
value of the tracking error signal when the offset signal 
Sn- is generated by the offset generation circuit 43 is 
10 detected. The thus detected amplitude value is placed 
into Rn-. 

Then, the control sequence returns to step S24, in 
which it is discriminated whether or not Rn is higher than 
Rn- and Rn+. Since Rn is still lower than Rn- in the por- 
15 tion of the characteristic of the rightwardly descending 
slope in FIG. 5, the control sequence advances to step 
S25 and then from step S25 to step S27 to repeat similar 
processing. Then, when the sampling point successive- 
ly advances in the leftward direction (toward an optimum 
20 point) in FIG. 5 until Sn reaches an optimum point, Rn 
exhibits a value higher than Rn+ and higher than Rn-. 
In this instance, the control sequence advances from 
step S24 to step S28, in which the value of the offset 
signal then is determined as an optimum value. There- 
25 after, the control circuit 42 controls the offset generation 
circuit 43 to successively generate the optimum value. 

While, in the description above, an optimum point 
(maximum value) is detected by the so-called mountain- 
climbing method, the optimum point may be determined 
30 otherwise in such a manner as illustrated, for example, 
in FIG. 7. In particular, in the method illustrated in FIG. 
7, the offset signal is successively varied by a to sample 
the tracking error signal for the entire period from S 0 to 
Sn first. Then, in this instance, the offset signal which 
35 corresponds to a point of a sudden ascending variation 
of the tracking error signal obtained by the sampling is 
detected as Sm 1 whereas the offset signal which corre- 
sponds to a point of a sudden descending variation of 
the tracking error signal is detected as Sm 2 . Then, a 
40 middle point between the variation points Sm 1 and Sm 2 
is determined as an optimum point (adjustment point). 

FIG. 8 illustrates an example of processing when 
an optimum point is detected based on the method il- 
lustrated in FIG. 7. In the processing illustrated in FIG. 
45 8, first in step S31 , a variable n is initially set to 0, and 
in step S32, the following equation is calculated: 

S[n] = SMIN + axn 

50 

where SMIN is the minimum value of the offset adjust- 
ment value, and a is the width or step size by which the 
offset signal is varied stepwise. 

In the present case, since n = 0, S[0] is placed into 
55 SMIN. 

The control circuit 42 controls the offset generation 
circuit 43 to generate the value S[n] (in the present case, 
S[0] = SMIN). Thereafter, the amplitude of the tracking 
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error signal then is detected by the level detection circuit 
41 . The value thus detected is placed into R[n] (= R[0]). 

Then, the control sequence advances to step S33, 
in which the variable n is incremented by 1 (n is set to 
n = 1 ). In step S34, it is discriminated whether or not the 
variable n after incremented is lower than NUM. The 
character NUM represents a value given, where a max- 
imum value of the offset value is represented by SMAX, 
by (SMAX - SMIN)/a. In other words, NUM represents 
a sample number in the offset scanning range. 

Where n is lower than NUM, since this signifies that 
sampling is not yet completed for all sampling points, 
the control sequence returns to step S32, in which the 
following equation is calculated: 

S[n] = SMIN + axn 

In other words, in this instance, a value higher by a 
than SMIN is set as an offset signal S[1]. Then, the am- 
plitude of the tracking error signal when the offset signal 
S[1] is generated is measured, and the thus measured 
value is set as R[1]. 

Thereafter, the control sequence advances to step 
S33, in which the variable n is incremented by one, in 
this instance, to n = 2. When it is discriminated in step 
S34 that the variable n (= 2) is lower than NUM, the con- 
trol sequence returns to step S32 so that similar 
processing is executed repetitively. Amplitude values R 0 
to Rn of the tracking error signal at the sampling points 
of S 0 to Sn shown in FIG. 7 are obtained in this manner. 

When the sampling in the search range is complet- 
ed in such a manner as described above, the variable 
n becomes equal to NUM. Consequently, the control se- 
quence now advances from step S34 to step S35, in 
which the variable n is initialized to 1 . Then, in step S36, 
it is discriminated whether or not the difference between 
the amplitude value R[n] at the current reference point 
and the preceding amplitude value R[n-1 ] is higher than 
a reference value Th set in advance. In the present case, 
it is discriminated whether or not the value of R[1 ] - R[0] 
is higher than Th. Since the curve in FIG. 7 exhibits a 
rightwardly descending characteristic within a first peri- 
od of the sampling range as seen in FIG. 7, R[1] is suf- 
ficiently higher than R[0] (the difference (R[1 ] - R[0]) be- 
tween them is higher than Th). Therefore, the control 
sequence advances to step S37, in which a middle value 
between the sampling points S[n] and S[n-1] is set as a 
variation point Sm^ In other words, the following equa- 
tion is calculated: 

Sm 1 = (S[n] + S[n-1])/2 

In the present case, a middle point between S[1] 
and S[0] is set as Sm-,. 

Thereafter, the control sequence advances to step 
S38, in which the variable n is incremented by 1 (to n = 



2), and then to step S39, in which it is discriminated 
whether or not the variable n is lower than NUM. When 
the variable n is lower than NUM, the control sequence 
returns to step S36, in which it is discriminated whether 

5 or not the value of R[2] - R[1 ] is higher than Th. As seen 
in FIG. 7, within a period within which the tracking error 
signal exhibits a great variation, the difference between 
two sample values is higher than the reference value 
Th. Thus, the control sequence advances again to step 

10 S37, in which Sm-, is set to the value of (S[2] + S[1])/2. 
In other words, a value at the sample point spaced right- 
wardly by a from the preceding sample point is set as 
Sm-,. 

Then, in step S38, the variable n is incremented by 
15 1 again to n = 3, whereafter the control sequence returns 
from step S39 to step S36 to execute similar processing 
repetitively. 

Then, as the sampling point moves rightwardly in 
FIG. 7, the rate of change of the tracking error signal 

20 degreases gradually. Then, when it is discriminated that 
the value of R[n] - R[n-1] is lower than Th, the control 
sequence advances from step S36 to step S40. In other 
words, in this instance, a point of variation at which the 
rate of change of the amplitude of the tracking error sig- 

25 nal changes from a section in which it is high to another 
section in which it is low (a sudden ascending variation 
point) is set as Sm-|. 

In steps S40 et seq., a point of variation at which 
the rate of change of the amplitude of the tracking error 

30 signal changes from a section in which it exhibits a grad- 
ual decrease to another section in which it exhibits a 
sudden decrease is detected as a sudden descending 
variation point Sm 2 . 

To this end, in step S40, it is discriminated whether 

55 or not the value of R[n-1] - R[n] is lower than the refer- 
ence value Th. As seen from FIG. 7, within a period with- 
in which the sample value R[n-1 ] on the left side is lower 
than the sample value R[n] on the right side (within a 
period within which the curve exhibits a rightwardly as- 

40 cending slope) as well as within a period within which 
the sample value R[n] on the right side is lower than the 
sample value R[n-1] on the left side but the difference 
between them is small, the value of R[n-1 ] is lower than 
the reference value Th. Consequently, the control se- 

45 quence advances from step S40 to step S41 , in which 
a middle value between S[n] and S[n-1] is set as Sm 2 . 
In other words, the following equation is calculated: 

50 Sm 2 = (S[n] + S[n-1])/2 

Then, n is incremented by 1 in step S42, and in step 
S43, it is discriminated whether or not the variable n is 
lower than NUM - 1 (whether or not the search range 
55 has reached the right end in FIG. 7). When the variable 
n is lower then NUM - 1, the control sequence returns 
to step S40, in which similar processing is repeated for 
two sample values on the right side shifted by one sam- 
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pie distance in FIG. 7. Then, when the difference be- 
tween the two sample values is lower than the reference 
value Th, the control sequence advances again to step 
S41 , in which a middle value between the two sampling 
points is set as Sm 2 . 

When the sampling point is successively shifted in 
the rightward direction in FIG. 7 in this manner until the 
sample value R[n] on the right side in FIG. 7 exhibits a 
sudden decrease from the sample value R[n-1] on the 
left side, the difference between them (R[n-1 ] - R[n]) be- 
comes equal to or higher than the reference value Th. 
In this instance, a middle value between the sample 
points S[n-1] and S[n-2] is placed into Sm 2 . Thus, the 
value then is determined as a sudden descending vari- 
ation point Sm 2 . 

Since the sudden ascending variation point Sm-| 
has been determined in step S37 and the sudden de- 
scending variation point Sm 2 has been determined in 
step S41 in such a manner as described above, the con- 
trol sequence now advances to step S44, in which a mid- 
dle point between the variation points Sm 1 and Sm 2 is 
determined as an optimum point. In other words, the val- 
ue of (Sm-, + Sm 2 )/2 is set as an optimum point. 

It is to be noted that, when it is discriminated in step 
S39 that the variable n is equal to or higher than NUM, 
the control sequence advances from step S39 to step 
S40. On the other hand, when it is discriminated in step 
S43 that the variable n is equal to or higher than NUM- 
1 , the control sequence advances from step S43 to step 
S44. 

While, in the operation of the reproduction appara- 
tus illustrated in FIG. 3, when the optical disk 1 is loaded 
in position into the reproduction apparatus, optimum fo- 
cus offset positions of all record layers of the optical disk 
1 are searched out and stored in advance, it is otherwise 
possible to search for an optimum focus offset position 
each time the object record layer for focusing is 
changed. 

FIG. 9 illustrates such processing as just described. 
Referring to FIG. 9, first in step S51 , the production ap- 
paratus waits until an instruction to change the object 
record layer upon which light is to be focused is devel- 
oped. When a changing instruction is developed, the 
control sequence advances to step S52, in which jump 
pulses with which the focus position is to be jumped to 
the designated record layer are generated by the focus- 
ing servo circuit 9. Consequently, the optical head 3 is 
jumped in the focusing direction to a position at which it 
can be focused upon the designated record layer. 

Then, the control sequence advances to step S53, 
in which processing of searching for an optimum focus 
position in the record layer to which the optical head 3 
has just been jumped is executed. The optimum focus 
searching processing in this instance is similar to the 
processing of step S2 in FIG. 3. 

When the optimum focus searching processing 
comes to an end in step S53, the control sequence re- 
turns to step S51 so that similar processing is executed 



repetitively. In other words, such processing as de- 
scribed above is performed each time the object record 
layer is changed. 

Accordingly, in this instance, the control circuit 42 

s of the tracking error signal maximum amplitude search 
circuit 31 of the reproduction apparatus for the optical 
disk 1 controls, when it controls the offset generation 
circuit 43 to generate an offset signal with which the 
tracking error signal detected by the level detection cir- 

10 cuit 41 exhibits a maximum amplitude, the offset gener- 
ation circuit 43 to thereafter generate the offset signal 
continuously. As a result, where the present processing 
is employed, the optimum focus offset position storage 
circuit 33 shown in FIG. 1 is unnecessary. 

15 FIG. 11 illustrates a further example of operation a 
reproduction apparatus for an optical disk. While, in the 
optimum focus searching processing illustrated in FIG. 
9, the processing is executed each time the object 
record layer is changed, this requires much time until it 

20 becomes possible, each time the record layer is 
changed, to actually reproduce data. The processing il- 
lustrated in FIG. 11 can reduce the time. 

Referring to FIG. 11 , first in step S61 , the production 
apparatus waits until an instruction to change the object 

25 record layer is developed. When an instruction to 
change the object record layer is developed, the control 
sequence advances to step S62, in which jump pulses 
are generated from the focusing servo circuit 9 to move 
the optical head 3 toward the object record layer. 

30 Thereafter, the control sequence advances to step 
S63, in which processing of detecting the amplitude of 
the tracking error signal then is executed. In particular, 
the control circuit 42 of the tracking error signal maxi- 
mum amplitude search circuit 31 reads an amplitude 

35 value of the tracking error signal outputted from the level 
detection circuit 41 then and places the thus read value 
into Rn. 

Where the present processing is employed, the re- 
production apparatus is constructed in such a manner 
40 as shown in FIG. 1. The detected value Rn is supplied 
to and stored into the optimum focus offset position stor- 
age circuit 33. In the optimum focus offset position stor- 
age circuit 33, also an amplitude of the tracking error 
detected during reproduction of the preceding record 
45 layer is stored as Rp. Thus, in step S64, it is discrimi- 
nated whether or not the value of Rp - Rn is higher than 
a reference value T set in advance. 

In particular, when the amplitude Rn obtained at 
present is higher than the amplitude Rp obtained in the 
50 preceding operation cycle or the amplitude Rn is lower 
than the amplitude Rp but the difference between them 
is smaller than the reference value T, the focus offset 
value is maintained determining that data can be repro- 
duced with sufficient stability without particularly chang- 
es ing the focus offset value. In other words, the same off- 
set value as that upon reproduction of the preceding 
record layer is generated continuously. Then, the control 
sequence returns to step S61 so that the processing in 
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steps S61 et seq. is executed repetitively. 

On the other hand, when the amplitude Rn at 
present is smaller than the preceding amplitude Rp and 
the difference between them is larger than the reference 
value T, the control sequence advances from step S64 
to step S65, in which optimum focus searching process- 
ing is executed. The optimum focus searching process- 
ing is similar to the processing in step S2 of FIG. 3 or in 
step S53 of FIG. 9. Then, when the optimum focus 
searching processing comes to an end, the control se- 
quence returns to step S61 so that the processing in 
steps S61 et seq. is executed repetitively. 

In short, in the present processing, since focus 
searching processing is executed only when the ampli- 
tude of the tracking error signal does not exhibit a suffi- 
cient magnitude originating from a displacement of the 
focus offset, the number of times by which focus search- 
ing processing is executed can be reduced comparing 
with that in the processing illustrated in FIG. 9. Conse- 
quently, reproduction of data from the record layer can 
be started more rapidly as much. 

FIG. 12 shows another embodiment of a further op- 
tical disk reproduction apparatus in which a further illus- 
trative embodiment of a recording and/or reproduction 
apparatus of the present invention is incorporated. I n the 
present embodiment, the tracking error signal maximum 
amplitude search circuit 31 of FIG. 1 is replaced by a 
RF signal maximum amplitude search circuit 51. A RF 
signal outputted from the optical head 3 is inputted to 
the RF signal maximum amplitude search circuit 51. 

The RF signal maximum amplitude search circuit 
51 includes a level detection circuit, a control circuit and 
an offset generation circuit (not shown) similarly to the 
tracking error signal maximum amplitude search circuit 
31 shown in FIG. 1 . The other construction of the repro- 
duction apparatus is similar to that of the reproduction 
apparatus shown in FIG. 1. 

In particular, in the embodiment of FIG. 12, when 
an instruction to start a reproduction operation is devel- 
oped, the control circuit 17 first feeds the optical head 3 
to the position of the innermost circumferential track of 
the optical disk 1 and then drives the spindle motor 2 to 
rotate the optical disk 1 . Thereafter, the focusing servo 
circuit 9 and the tracking servo circuit 10 are both put 
into an operative condition. Consequently, focusing ser- 
voing and tracking servoing are applied. 

The relationship between the focus offset and the 
amplitude of the RF signal in this condition is illustrated 
by graphs in FIGS. 2, 5 and 7. In particular, when the 
focus offset of the optical head 3 with respect to a record 
layer of the optical disk 1 is set to an optimum value, the 
RF signal exhibits a maximum amplitude. Accordingly, 
by detecting a maximum value of the amplitude of the 
RF signal by means of the RF signal maximum ampli- 
tude search circuit 51 in a similar manner as in that when 
a maximum value of the amplitude of the tracking error 
signal is detected, an optimum point can be searched 
for and set. Since the processing is similar to that of the 



optical disk reproduction apparatus described herein- 
above with reference to FIG. 1, description thereof is 
omitted here. 

On the other hand, when optimum focus searching 

s processing is executed using a RF signal each time the 
object record layer is changed as shown in FIG. 9, the 
optimum focus offset position storage circuit 33 shown 
in FIG. 12 is unnecessary. Consequently, the reproduc- 
tion apparatus has such a construction which eliminates 

10 the optimum focus offset position storage circuit 33 as 
shown in FIG. 1 3. 

Further, when searching for a maximum amplitude 
is performed using a RF signal, where the processing 
illustrated in FIG. 3 or 11 is employed, the reproduction 

15 apparatus requires the optimum focus offset position 
storage circuit 33 as seen in FIG. 12. 

FIG. 1 4 shows a yet further optical disk reproduction 
apparatus embodying the present invention. In the 
present embodiment, a minimum jitters search circuit 61 

20 is provided in place of the tracking error signal maximum 
amplitude search circuit 31 of the embodiment of FIG. 
1. A jitters measurement circuit 62 detects jitters from 
an output of the PLL circuit 5 and outputs the detected 
jitters to the minimum jitters search circuit 61 . The min- 

25 imum jitters search circuit 61 includes, similarly to the 
tracking error signal maximum amplitude search circuit 
31 shown in FIG. 1, a level detection circuit, a control 
circuit and an offset generation circuit not shown. 

The other construction of the optical disk reproduc- 

30 tion apparatus of FIG. 14 is similar to that of the optical 
disk reproduction apparatus of FIG. 1 . 

The jitters measurement circuit 62 detects an abso- 
lute value of the phase difference between a binary RF 
signal and a synchronizing clock signal outputted from 

55 the PLL circuit 5 and outputs it as jitters to the minimum 
jitters search circuit 61. The relationship between the 
jitters and the focus offset is such as illustrated in FIG. 
15. 

In particular, as seen from FIG. 15, when the focus 
40 offset of the optical head 3 with respect to the optical 
disk 1 is optimum, the jitters are minimum, and as the 
focus offset is displaced from the optimum position, jit- 
ters increase. By detecting a minimum value of the jit- 
ters, an optimum point of the focus offset of the optical 
45 head 3 with respect to the optical disk 1 can be deter- 
mined. 

The minimum value of the jitters can be calculated 
by such a mountain-climbing method as illustrated in 
FIG. 16. Referring to FIG. 16, the sampling point is suc- 
50 cessively shifted in an increasing direction by a. When 
the central sample value is lower than the left and right 
sample values, a sample point at which the central sam- 
ple value is obtained is set as an optimum point. 

FIG. 17 illustrates an example of processing of de- 
55 termining a minimum value of jitters by the mountain- 
climbing method. 

Referring to FIG. 17, first instep S71, an initial value 
S 0 is placed into Sn. Then, the focus offset position is 
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set to Sn (in the present instance, Sn = S 0 ). Further, the 
amplitude value (magnitude) of jitters in this instance is 
measured and a result of the measurement is placed 
into Rn (in the present instance, Rn = R 0 ). 

In particular, the control circuit 42 controls the offset 
generation circuit 43 to generate an offset signal S 0 . The 
focusing servo circuit 9 controls the focusing coil 12 in 
response to a focusing error signal to which the offset 
signal S 0 is added by the adder 32 to adjust the focus 
offset position of the optical head 3. 

The level detection circuit 41 thereupon detects the 
amplitude of jitters outputted from the jitters measure- 
ment circuit 62 and outputs it to the control circuit 42. 
The control circuit 42 places the amplitude value detect- 
ed then into Rn (in the present instance, Rn = R 0 ). 

Thereafter, the control sequence advances to step 
S72, in which a value obtained by addition of S 0 and a 
is placed into Sn+. In particular, the following equation 
is calculated: 

Sn+ = S Q + a 

Then, the control circuit 42 controls the offset gen- 
eration circuit 43 to generate the offset signal Sn+ (= 
S 1 ). In particular, the control circuit 42 controls the offset 
generation circuit 43 to generate an offset value higher 
by a than the offset value generated in step S71 . Since 
the focusing servo circuit 9 controls the focusing coil 12 
in response to the focus error signal to which the offset 
value is added, the optical head 3 further varies the fo- 
cus offset position of the optical head 3 by an amount 
corresponding to the offset value a. 

The level detection circuit 41 in this instance detects 
the amplitude of jitters outputted from the jitters meas- 
urement circuit 62. The control circuit 42 places the am- 
plitude of jitters then detected by the level detection cir- 
cuit 41 into Rn+ (in this instance, R 0 + = R-|). 

Subsequently, the control sequence advances to 
step S73, in which a value lower by a than S 0 is placed 
into Sn-. In other words, the following equation is calcu- 
lated: 

Sn- = S 0 - a 

In particular, the control circuit 42 controls the offset 
generation circuit 43 to generate a value lower by athan 
the offset signal Sn (in this instance, Sn = S 0 ) generated 
in step S71. Since the focus error signal to which the 
offset signal Sn- is added is supplied to the focusing coil 
12 via the focusing servo circuit 9, the focus offset po- 
sition of the optical head 3 is varied by an amount cor- 
responding to the offset value -a from that when the off- 
set value S 0 was generated. 

The level detection circuit 41 detects the amplitude 
of jitters outputted from the jitters measurement circuit 
62 then and outputs it to the control circuit 42. The con- 



trol circuit 42 places the amplitude value of jitters then 
into Rn- (in this instance, Rn- = R 0 -). 

By the processing in steps S71 to S73 described 
above, the amplitude value Rn (= R 0 ) of jitters when the 

s offset value to be added to the focus error signal is set 
to the initial value S 0 , the amplitude value Rn+ (= R 0 + = 
R-,) of jitters when the offset signal is increased by a and 
the amplitude value Rn- (= R 0 -) of jitters when the offset 
value is decreased by a are obtained as seen in FIG. 16. 

10 Thus, the control sequence advances to step S74, 
in which it is discriminated whether or not Rn is equal to 
or lower than Rn+ and besides Rn is equal to or lower 
than Rn-. In other words, it is discriminated whether or 
not Rn is lower than Rn- and Rn+ (whether or not Rn is 

15 a minimum value). 

Normally, although the amplitude Rn (= R 0 ) of jitters 
when the offset signal is S 0 is lower than the amplitude 
value Rn- (= R 0 -) when the offset signal is lower by a as 
seen in FIG. 16, it is higher than the amplitude Rn+ (= 

20 R Q+ = R 1 ) of jitters when the offset signal is higher by a. 
Thus, in this instance, the control sequence advances 
to step S75, in which it is discriminated whether or not 
Rn+ is lowerthan Rn-. In this instance, since Rn+ (= R 0 + 
= R 1 ) is lowerthan Rn- (= R 0 -) (since the curve portion 

25 is in a rightwardly descending section in FIG. 16), the 
control sequence advances to step S76. 

In step S76, Sn (= S 0 ) till then is placed into Sn-. 
Then, Sn+ (= S-|) till then is placed into new Sn, Rn (= 
R 0 ) till then is placed into Rn-, and Rn+ (= R.,) till then 

30 is placed into Rn. Further, a value (= S 0 + 2a = S2) ob- 
tained by addition of atonewSn (=S 0 + a=S-,) is placed 
into Sn+. In other words, the following equation is cal- 
culated: 

35 

Sn+ = Sn + a 

The control circuit 42 controls the offset generation 
circuit 43 to generate Sn+ (= S2) as an offset signal. In 
40 particular, the control circuit 42 controls the offset gen- 
eration circuit 43 to generate an offset Sn+ (= S 0 + 2a 
= S2) higher by athan Sn+ (= So + a) generated in step 
S72. Then, the amplitude of jitters detected then is 
placed into Rn+ (= R-,+ = R 2 ). 
45 in other words, as a result, the amplitude values of 
jitters at the three sampling points S 0 , S-, and S 2 shifted 
rightwardly by a from those in the preceding scanning 
are set to Rn- (= R 0 ), Rn (= R-|) and Rn+ (= R 2 ), respec- 
tively. 

50 Then, the control sequence returns to step S74, in 
which it is discriminated whether or not Rn is lower than 
Rn- and Rn+. When Rn is not a minimum value, the con- 
trol sequence advances to step S75, in which it is dis- 
criminated again whether or not Rn+ is lower than Rn-. 
55 When Rn+ is lower than Rn-, the control sequence ad- 
vances to step S76 so that similar processing is repeat- 
ed. 

Then, when the section for sampling is successively 
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shifted in the rightward direction in FIG. 16 until Sn 
reaches an optimum point, the amplitude value Rn ob- 
tained then is lower than Rn- and lower than Rn+. In 
other words, Rn is a minimum value. Thus, in this in- 
stance, the control sequence advances from step S74 
to step S78, in which the value of Sn then is set as an 
optimum value with which the value of jitters exhibits a 
maximum value. In other words, the control circuit 42 
controls the offset generation circuit 43 to generate the 
offset signal Sn as an optimum value continuously. 

On the other hand, when sampling is proceeding in 
a rightwardly ascending section in FIG. 16, the value of 
Rn+ is higher than Rn-. Thus, in this instance, the control 
sequence advances from step S75 to step S77, in which 
Sn till then is placed into Sn+, Sn- till then is placed into 
Sn-, Rn till then is placed into Rn+, and Rn-till then is 
placed into Rn. Then, a value lower by a than new Sn 
is placed into Sn-. In other words, the following equation 
is calculated: 

Sn- = Sn - a 

In particular, the sampling point on the left side in 
FIG. 16 is sampled with Sn-. Then, the amplitude of jit- 
ters when the offset signal Sn- is generated from the 
offset generation circuit 43 is detected, and the detected 
amplitude value is placed into Rn-. 

Then, the control sequence returns to step S74, in 
which it is discriminated whether or not Rn is lower than 
Rn- and Rn+. In the rightwardly ascending section in 
FIG. 1 6, since Rn is still higher than Rn-, the control se- 
quence advances to step S75 and then from step S75 
to stepS77 so that similar processing is repeated. When 
the sampling point successively advances in the left- 
ward direction (toward an optimum point) until Sn reach- 
es an optimum point, Rn is lower than Rn+ and lower 
than Rn-. In this instance, the control sequence advanc- 
es from step S74 to step S78, in which the value of the 
offset signal Sn then is determined as an optimum value. 
Then, the control circuit 42 thereafter controls the offset 
generation circuit 43 to generate the optimum value con- 
tinuously. 

Further, similarly as in the processing illustrated in 
FIG. 7, a sudden descending variation point Sm 2 and a 
sudden ascending variation point Sm-, are calculated. 
Thus, a middle point between them can be determined 
as an optimum point with which the jitters exhibit a min- 
imum value. 

In particular, in this instance, in the section of the 
sample points S 0 to Sn, sample values R 0 to Rn are cal- 
culated in advance as seen in FIG. 18. Then, the varia- 
tion points Sm 1 and Sm 2 are determined from those 
sample values, and a middle point between them is de- 
termined. 

FIG. 19 illustrates an example of processing in this 
instance. Referring to FIG. 19, in the processing illus- 
trated, 0 is initially placed into the variable n first in step 



S91 , and then in step S92, the following equation is cal- 
culated. 

5 S[n] = SMIN + axn 

where SMIN is a minimum value of the offset adjustment 
value, and a is a width or step size with which the offset 
value is varied stepwise. 
10 in the present case, since n = 0, S[0] is set to SMIN. 
The control circuit 42 controls the offset generation 
circuit 43 to generate the signal S[n] (in this instance, S 
[0] = SMI N). Then, the amplitude of jitters then is detect- 
ed by the level detection circuit 41 , and the value thereof 
15 is placed into R[n] (= R[0]). 

Thereafter, the control sequence advances to step 
S93, in which the variable n is incremented by 1 (to n = 
1). In step S94, it is discriminated whether or not the 
variable after incremented is lower than NUM. The char- 
ge acter NUM represents a value given, where a maximum 
value of the offset value is represented by SMAX, by 
(SMAX - SMIN)/a. In other words, NUM represents the 
number of samples within the focus offset scanning 
range. 

25 When n is lower than NUM, since this signifies that 
all sampling points are not yet sampled, the control se- 
quence returns to step S92, in which the following equa- 
tion is calculated: 

30 

S[n] = SMIN + axn 

In particular, in the present processing, a value 
higher by a than SMIN is set as an offset signal S[1]. 
35 Then, the amplitude of jitters when the offset signal S[1 ] 
is generated is measured, and a value of it is set as R[1 ]. 

Thereafter, the control sequence advances to step 
S93, in which the variable n is incremented by 1 , in this 
instance, to n = 2. Then, when it is discriminated in step 
40 S94 that the variable n (= 2) is lower than NUM, the con- 
trol sequence returns to step S92 so that similar 
processing is executed repetitively. In this manner, am- 
plitude values R 0 to Rn of jitters at the sampling points 
of S 0 to Sn shown in FIG. 18 are obtained. 
45 When-sampling within the search range is complet- 
ed in such a manner as described above, the variable 
n becomes equal to NUM. Thus, the control sequence 
now advances from step S94 to step S95, in which the 
variable n is initially set to 1 . Then in step S96, it is dis- 
50 criminated whether or not the difference between the 
amplitude value R[n] of the reference point at present 
and the preceding amplitude value R[n-1] is lower than 
a reference value Th set in advance. In particular, it is 
discriminated whether or not the value of R[0] - R[1] is 
55 lower than Th. Since the rightwardly descending char- 
acteristic is presented in a first section of the sampling 
range, R[0] is sufficiently higherthan R[1 ] (the difference 
(R[0] - R[1]) between them is higherthan Th). Thus, the 
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control sequence advances to step S97, in which a mid- 
dle value between the sampling points S[n] and S[n-1] 
is set as the variation point Sm 2 . In other words, the fol- 
lowing equation is calculated: 

Sm 2 = (S[n] + S[n-1])/2 

In the present case, a middle point between S[1] 
and S[0] is set as Sm 2 . 

Then, the control sequence advances to step S98, 
in which the variable n is incremented by 1 (to n = 2), 
and then to step S99, in which it is discriminated whether 
or not the variable n is lower than NUM. When the var- 
iable n is lower than NUM, the control sequence returns 
to step S96, in which it is discriminated whether or not 
the value of R[1 ] - R[2] is lower than Th. As seen in FIG. 
1 8, within a period within which the jitters vary by a com- 
paratively great amount, the difference between the two 
sample values is higher than the reference value Th. 
Therefore, the control sequence advances again to step 
S97, in which the value of (S[2] + S[1])/2 is placed into 
Sm 2 . In other words, the value on the side spaced right- 
wardly by a from the location in the preceding cycle is 
placed into Sm 2 . 

Then in step S98, the variable n is incremented by 
1 again to n = 3, and then the control sequence returns 
from step S99 to step S96 to repetitively execute similar 
processing. 

Then, as the sampling point is successively shifted 
rightwardly in FIG. 18, the rate of change of jitters de- 
creases gradually. Thereafter, when it is discriminated 
that the value of R[n-1 ] - R[n] is lower than Th, the control 
sequence advances from step S96 to step S1 00. In oth- 
er words, in this instance, a variation point (sudden de- 
scending variation point) from a section in which the rate 
of change of the amplitude of jitters is high to another 
section in which the rate of change is low is set as Sm 2 . 

In steps S100 et seq., a point of variation at which 
the rate of change of the amplitude of jitters increases 
suddenly from a period within which the rate of change 
gradually increases to another period within which the 
rate of change increases suddenly is detected as a sud- 
den ascending variation point Sm^ 

To this end, in step S1 00, it is discriminated whether 
or not the value of R[n] - R[n-1] is higher than the refer- 
ence value Th. Within a period within which the sample 
value R[n-1] on the left side is higher than the sample 
value R[n] on the right side (within a rightwardly de- 
scending period) and within a period within which the 
sample value R[n] on the right side is higher than the 
sample value R[n-1] on the left side but the difference 
between them is small, the value of R[n] - R[n-1 ] is lower 
than the reference value Th. Thus, the control sequence 
advances from step S1 00 to step S1 01 , in which a value 
between S[n] and S[n-1] is placed into Sm^ In other 
words, the following equation is calculated: 



Sm 1 = (S[n] + S[n-1])/2 

Then, n is incremented by 1 in step S102, and it is 

5 discriminated in step S103 whether or not the variable 
n is lowerthan NUM - 1 (whether or not the search range 
reaches the right end in FIG. 18). When the variable n 
is lower than NUM - 1 , the control sequence returns to 
step S100, in which similar processing is repeated for 

10 two sample values spaced by one sample distance on 
the right side in FIG. 18. Then, when the difference be- 
tween the two sample values is lower than the reference 
value Th, the control sequence advances again to step 
S101 , in which a middle value between the two sampling 

15 points is placed into Sm-|. 

When the sampling point is successively shifted in 
the rightward direction in FIG. 18 in this manner until the 
sample value R[n] on the right side in FIG. 18 exhibits 
a sudden increase from the sample value R[n-1] on the 

20 left side, the difference between them (R[n] - R[n-I]) is 
equal to or higher than the reference value Th. In this 
instance, a middle value between the sampling points 
S[n-1] and S[n] is placed in Sm-,. Then, the value then 
is determined as a sudden ascending variation point 

25 Sm 1 . 

Since the sudden descending variation point Sm 2 
has been calculated in step S97 and the sudden as- 
cending variation point Sm 1 has been calculated in step 
S1 01 in this manner, the control sequence now advanc- 
ed es to step S104, in which a middle point between the 
variation points Sm 1 and Sm 2 is determined as an opti- 
mum point. In other words, the value of (Sm 1 + Sm 2 )/2 
is set as an optimum point. 

It is to be noted that, when it is discriminated in step 
35 S99 that the variable n is equal to or higher than NUM, 
the control sequence advances from step S99 to step 
S1 00. On the other hand, when it is discriminated in step 
S103 that the variable n is equal to or higher than NUM 
- 1, the control sequence advances from step S103 to 
40 step S1 04. 

Where an optimum point is detected by the method 
illustrated in FIG. 7 or 18, even if noise is superposed 
with the tracking error signal, the RF signal or the jitters, 
an influence by the noise can be reduced. 
45 Also where an optimum focus offset position is 
searched for using jitters, the processing illustrated in 
FIG. 3 or 9 or the processing illustrated in FIG. 11 may 
be employed. Where an optimum focus offset position 
is searched for by the processing illustrated in FI.G. 3 
50 or 9, the reproduction apparatus is constructed in such 
a manner as shown in FIG. 14. In particular, in this in- 
stance, the optimum focus offset position storage circuit 
33 is required. In contrast, where the processing illus- 
trated in FIG. 11 is employed, the optimum focus offset 
55 position storage circuit 33 is unnecessary as seen in 
FIG. 20. 

While, in the foregoing embodiments, a recording 
and/or reproduction apparatus of the present invention 
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is applied to an optical disk reproduction apparatus by 
way of an example, the present invention can be applied 
also to recording of information onto an optical disk. 

Having now fully described the invention, it will be 
apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto without 
departing from the spirit and scope of the invention as 
set forth herein. 



Claims 

1. A recording and/or reproduction apparatus for an 
optical record medium, comprising: 

an optical means for recording and/or repro- 
ducing information onto and/or from the record 
medium; 

a focusing control means for controlling a focus 
condition of said optical means in response to 
a focus error signal; 

a production means for producing a focus offset 
signal of said optical means based on a signal 
reproduced by said optical means; and 
an addition means for adding the focus offset 
signal to the focus error signal. 

2. A recording and/or reproduction apparatus accord- 
ing to claim 1, wherein said production means in- 
cludes a search means for searching for an opti- 
mum focus offset position based on the signal re- 
produced by said optical means. 

3. A recording and/or reproduction apparatus accord- 
ing to claim 2, wherein said search means further 
includes a detection means for detecting a focus off- 
set amount based on the signal reproduced by said 
optical means, and a discrimination means for dis- 
criminating the optimum focus offset position based 
on a detection output of said detection means. 

4. A recording and/or reproduction apparatus accord- 
ing to claim 3, wherein said detection means de- 
tects the focus offset amount based on a tracking 
error signal. 

5. A recording and/or reproduction apparatus accord- 
ing to claim 3, wherein said detection means de- 
tects the focus offset amount based on a reproduc- 
tion RF signal. 

6. A recording and/or reproduction apparatus accord- 
ing to claim 3, wherein said detection means de- 
tects the focus offset amount based on a jitters sig- 
nal. 

7. A recording and/or reproduction apparatus accord- 
ing to claim 2, wherein said search means includes 



a storage means for storing a focus offset amount 
corresponding to the optimum focus offset position. 

8. A recording and/or reproduction apparatus accord- 
5 ing to claim 2, wherein the optical record medium is 

a record medium in the form of a disk. 

9. A recording and/or reproduction apparatus accord- 
ing to claim 8, wherein the optical record medium 

10 has a plurality of record layers. 

10. A recording and/or reproduction apparatus accord- 
ing to claim 9, wherein said search means searches 
for an optimum focus offset position for each of the 

15 record layers. 

11. A recording and/or reproduction apparatus accord- 
ing toclaim 10, wherein said search means includes 
a storage means for storing a focus offset amount 

20 corresponding to the optimum focus offset position 
for each of the record layers. 

12. A recording and/or reproduction method for an op- 
tical record medium, comprising the steps of: 

25 

recording and/or reproducing information onto 
and/or from the record medium by optical 
means; 

producing a focus error signal; 
30 producing a focus offset signal of said optical 

means based on a signal reproduced by said 
optical means; 

adding the focus offset signal to the focusing 
error signal; and 
55 controlling a focusing condition of said optical 

means based on the focus error signal to which 
the focus offset signal is added. 

13. A recording and/or reproduction method according 
40 to claim 12, wherein the step of producing a focus 

offset signal includes the step of searching for an 
optimum focus offset position based on the signal 
reproduced by said optical means. 

45 14. A recording and/or reproduction method according 
to claim 1 3, wherein the searching step includes the 
steps of detecting a focus offset amount based on 
the signal reproduced by said optical means, and 
discriminating the optimum focus offset position 

so based on the detection output. 

15. A recording and/or reproduction method according 
to claim 14, wherein the step of detecting a focus 
offset amount includes the step of detecting the fo- 

55 cus offset amount based on a tracking error signal. 

16. A recording and/or reproduction method according 
to claim 14, wherein the step of detecting a focus 
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offset amount includes the step of detecting the fo- 
cus offset amount based on a reproduction RF sig- 
nal. 

17. A recording and/or reproduction method according s 
to claim 14, wherein the step of detecting a focus 
offset amount includes the step of detecting the fo- 
cus offset amount based on a jitter signal. 

18. A recording and/or reproduction method according to 
to claim 1 3, wherein the searching step includes the 
step of storing a focus offset amount corresponding 
to the optimum focus offset position. 

19. A recording and/or reproduction method according 
to claim 13, wherein the record medium has a plu- 
rality of record layers, and the searching step in- 
cludes the step of searching for an optimum focus 
offset position for each of the plurality of record lay- 
ers. 

20. A recording and/or reproduction method according 
to claim 1 9, wherein the searching step includes the 
step of storing a focus offset amount corresponding 
to the optimum focus offset position for each of the 25 
plurality of record layers. 

21. A recording and/or reproduction method according 
to claim 20, wherein the searching step includes the 
step of storing, upon starting, a focus offset amount 30 
corresponding to the optimum focus offset position 
for each of the plurality of record layers. 
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